Objectives: To provide a standardised report of complications after retroperitoneal laparoscopic radical nephrectomy (rLRN) in a high-volume centre using Clavien-Dindo classification. Materials and methods: We analysed records maintained in a prospective database of 330 consecutive patients that underwent rLRN between March 1995 and September 2016. All complications were graded according to the modified Clavien-Dindo classification. Three generations of surgeons were defined and the learning curve in rLRN was evaluated by comparing the first 100 cases (Group A) performed by firstgeneration surgeons with the last 100 cases (Group B) by thirdgeneration surgeons. Results: The mean age of our cohort was 66 ± 11.9 years. The overall complication rate was 19.7%. The majority of complications (12.7%) were Clavien 1 (5.1%) and Clavien 2 (7.6%) and did not require any interventions; blood transfusion was the most frequently encountered intervention (4.8%). Half of which were because of major intraoperative bleeding. Mortality rate was 0.9%. We found a trend towards lower complication rate in group B (19%) compared to group A (23%); this was mainly because of the reduction in the incidence of Clavien 1 and 2 complications. The pathological stage varied significantly in the two groups while the rate of negative surgical margins was comparable. Conclusions: rLRN is a safe procedure with an acceptable rate of complications. The learning curve was shorter for the thirdgeneration surgeons (group B); although these surgeons operated on a significantly higher number of patients with more advanced diseases. The Clavien-Dindo classification is suitable for assessing rLRN complications. Adopting this standardised system can help in the evaluation and comparison of surgical quality of LRN series.
kidney (1) . Radical nephrectomy (RN) remains the gold standard surgical treatment for patients with RCC when nephron-sparing procedures are not feasible (2) . Over the past two decades, with advancements in laparoscopic surgery, laparoscopic RN (LRN) has become a widely available surgical option that has been shown to provide similar oncological outcomes to open surgical techniques with the well-known benefits of laparoscopic approach (3) (4) (5) . At present, it is regarded as a standard treatment worldwide with up to 80% of urologists offering LRN to patients with localised RC (6) . LRN can be performed by two different approaches, namely the retroperitoneal route or the transperitoneal route. The retroperitoneal approach, which was developed to mimic open-flank nephrectomy, allows rapid and direct access to the renal pedicle without violating the peritoneal cavity. Thus, retroperitoneal LRN (rLRN) can minimise the risk of some complications, such as visceral organ injuries. The European Guidelines on Reporting and Grading of Complications After Urologic Surgical Procedures were recently published (7) . The key recommendations of these guidelines include the use of a standardised system, such as the Clavien-Dindo grading system (8) , and the provision of a table of all complications and corresponding scores or a list of the complications by scores. Complication rates are still one of the most frequently used surrogate indicators for the quality of surgery. However, to the best of our knowledge, no data have been published on rLRN complications using standardised classifications. In this study, we report on our large, single-institution rLRN series, representing over 15 years of experience. The purpose of the study is to determine the complication rates after rLRN using a standardised method, namely the Clavien-Dindo classification, in a large cohort at a pioneering institution.
MATERIALS AND METHODS
Between March 1995 and September 2016, 380 consecutive LRN surgeries were performed for patients with renal tumours (stage T1-T4) at our institution. All patients were counselled appropriately about the treat-
INTRODUCTION
Renal cell carcinoma (RCC) is the most common malignant tumour of the kidney parenchyma, representing approximately 2% of all new cases of cancer and accounting for over 80% of all neoplasms that affect the ment and the aim of this study with written informed consent obtained prior to the surgery. In our centre, the preferred laparoscopic approach is the retroperitoneal route which was first described by Gaur (9) and later modified and developed by Rassweiler et al. (10, 11) . All data were recorded prospectively using a Microsoft Office Excel spreadsheet. We excluded cases that were performed via transperitoneal laparoscopic approach or open surgery, those with less than 12 months of followup or missing follow-up data and patients with additional cancer or bilateral renal tumours. Thus, 330 patients with complete follow up were enrolled in the study. The review board of our certified cancer centre approved our prospective collection of patients' data. In the first 50 cases, the specimen was entrapped in an organ retrieval bag and extracted via a flank incision without prior morcellation. Afterwards, we preferred to extract the specimen through a Gibson incision. All patients stayed in the intensive care unit (ICU) for the first 24 hours after the operation and received antibiotics for a minimum of 3 days in the postoperative period. Three generations of surgeons were defined as follows: first-generation surgeons had previous experience in open surgery but no laparoscopic training; second-generation surgeons had experience in open surgery, and they were trained by first-generation surgeons; and third-generation surgeons had no or limited experience in open surgery, and they were trained by first-or second-generation surgeons (12) . The learning curves of the first-and third-generation surgeons were compared and analysed based on the results of the first 100 and last 100 cases.
Data collection
Demographic data, including age (years), gender, comorbidities, body mass index (BMI; kg/m 2 ), operation history, tumour size (mm), tumour side and preoperative clinical stage, were recorded. Operative and postoperative data, including operation time; estimated blood loss; conversion to open surgery; length of hospital stay and duration of surgical drains; were also noted. All pathological specimens were reviewed by a single, experienced pathologist; the pathology results, including tumour staging, were evaluated according to the revised 2009 TNM classification (13) . Complications were noted in detail, including treatment and outcomes, as part of our internal quality management system.
Complication assessments and follow-up schedule All the charts, including the medical records, of patients with identified postoperative complications were reviewed and grouped according to the modified Clavien-Dindo classification (Table 1) . Medical and surgical complications during the first 6 weeks were evaluated at the end of this period using our institution's medical records and reports from the rehabilitation centre and other physicians. Patients were followed up every 3 months for the first 2 years after surgery then 6 monthly thereafter.
Statistical analyses
All data were recorded in Microsoft Excel files. For statistical analysis, we used a commercially available software package (SPSS v16.0; SPSS, Chicago, IL, USA) including the Pearson X 2 test. A p-value < 0.05 was considered statistically significant.
RESULTS

Patient clinico-pathological characteristics and distribution of complications
This study included 330 patients who underwent rLRN performed by one of six surgeons at a single centre. The median follow-up time was 33 ± 9.8 months.
Demographic, intraoperative and pathological data are presented in Table 2 Table 3 .
Analysis of the learning curve
To analyse the learning curves of the first-and third-generation surgeons, we compared the first 100 cases (group A) with the last 100 cases (group B). There was no significant difference in demographic data in these groups (Table 4) ; the intraoperative records were also similar.
The operative time was comparable between the two groups (135 min vs. 128 min in group A and group B, respectively), with no significant difference in average tumour size (46 mm vs. 62 mm) or estimated blood loss (140 ml vs. 100 ml). There was, however, a significant difference in pathological tumour stage between the two groups. In group A, 73% (68 patients) of patients that had malignant pathology were found to have pT1-tumours compared to only 30% of cases in group B. Whereas, third-generation surgeons treated significantly more patients with pT3 disease (45.6% vs. 12.9%; p < 0.001). Despite the increased complexity of cases performed by the last generation of surgeons, the rates of negative surgical margins were similar in both groups (98.9% vs. 94.6%), and the total complication rates were comparable (23% vs. 19%), (p = 0.04%).
The conversion rates were similar in both groups, while blood transfusion rates were higher in the first 100 cases. This trend in reduction of overall complication rates was mainly because of the lower incidence of Clavien 1 and Clavien 2 complications (blood transfusions, infections, etc.) ( Figure 1 ). The complication rates were higher for the first 40 cases in the first group and the first 25 cases in the second group. Complication rates and institutional learning curves are also influenced by technical and technological developments over time.
DISCUSSION
In the present study, we summarised rLRN complications according to the Clavien-Dindo classification. To the best of our knowledge, this is the first detailed report on this issue. It is well-accepted that successful operative and patients'outcomes can be supported through standardised postoperative complication classifications.
Comparison with other series
In 2004, the Clavien-Dindo classification system for reporting postoperative complications was introduced and successfully validated in general surgery (8) .
It has been successfully employed in case series for reporting complications in urological procedures such as transurethral prostate resection; percutaneous nephrolithotomy; laparoscopic live-donor nephrectomy; and laparoscopic, robotic-assisted and retropubic radical prostatectomy (12, (14) (15) (16) (17) (18) (19) (20) In addition, as in our experience, the incidence of adjacent organ injuries is extremely low. Most major intra operative complications encountered in the retroperitoneal approach were related to vascular injuries. In previous studies, the complication rates ranged from 8 to 22% (5, (21) (22) (23) . However, the common limitation of these studies is difficulty in comparing similar surgical techniques in terms of postoperative complications due to a lack of a consensus on reporting postoperative complications in the literature. Because our study used a standardised system, it can address this limitation. Another point to consider is that all these complication rates may show a learning curve (24) . Indeed, rLRN has a relatively steep learning curve; we found that a surgeon could reach a plateau after 40 cases in the first generation, where as a third-generation surgeon could reach a plateau after 25 cases. This shortening of the learning curve may have resulted from our standardized laparoscopic training programme supported by continuous technological development and improvement (25) . We believe that our study can help beginners in laparoscopy, and the most experienced hands should also know about the standardised complication rates.
Limitations of the study Our prospective database was created over a long period of over 20 years. During this period, the Clavien classification only changed twice. As such, the probability of bias in recording the complications is inherent. Minor complications (Clavien 1 and 2) could have been easily overlooked at the beginning of laparoscopic surgery when the method was emerging as a safe and viable alternative to open surgery. Another limitation is that we did not evaluate the association between the
